This report describes studies of 25-hydroxyvitamin D 3 (25OHD 3) kinetics in 10 yearling crossbred wethers (40 to 52 kg body weight) administered . The wethers were divided into two groups of five before dosing with the labeled compound: Group 1 wethers were exposed 2 h daily for 8 to 10 wk to ultraviolet radiation from fluorescent sunlamps. Plasma 250HD 3 increased from 13 to 31 ng/ml by d 25 and then remained at a steady-state concentration until d 70. In the non-ultraviolet-exposed wethers (Group 2), plasma 250HD 3 averaged 13.2 ng/ml and did not change over the course of the experiment. SLx weeks after the start of the experiment three wethers from each group were injected intravenously with 50 pCi of [a H1 250HD 3 , and the other two wethers from each group were similarly dosed 2 wk later. Blood was drawn at suitable time intervals for up to 240 h post-dosing. The kinetic data were satisfied by curve-fitting the data to a two-compartment, pharmacokinetic mathematical model. Individual and mean values for these kinetic analyses are presented with their statistical analyses. Physiologicalhalf-life of the tritiated 2500 HD 3 in wethers exposed to ultraviolet irradiation was 388 • 26.4 h (x • SE); in the control it was 393 • 29.6 h (P>.05). In the wethers exposed to ultraviolet the elimination and clearance rates of 250HD 3 were significantly greater than in the control wethers. A two-compartment model provided an acceptable description of 250HD 3 disposition kinetics in wethers. Turnover rate constants did not seem to change, but changes were due to increased pool size in the irradiated wethers.
IN I ntroduction
The main source of vitamin D for ruminants is from dermal photoconversion of dehydrocholesterol to calciferol during exposure to ultraviolet (UV) irradiation (Hidiroglou et al., 1979a (Hidiroglou et al., ,b, 1985 . Mawer et al. (1984) studied the production of vitamin D metabolites in humans in response to UV irradiation (UVR). They observed that serum 25-hydroxyvitamin D3 (250HD3) increased linearly over 21 d of their study and its production was negatively correlated with its initial concentrations. In humans receiving UVR, Davie et al. (1982) noticed that 250HD 3 plasma concentrations attained a maxium level after 30 to 40 d: There-1 Contribution no. 1417 Anita. Res. Centre, Ottawa, K1A 0C6.
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Received August 21, 1986 . Accepted April 7, 1987 after the concentrations remained steady until irradiation was discontinued on d 70. Experimental observations in wethers in which the effects of UVR on plasma 250HD3 concentrations were reported are limited (Smith and Wright, 1984) . The present work was conducted to compare the kinetics of intravenously (iv) administered, tritium-labeled 25-hydroxyvitamin D 3 (250HD 3) in wethers exposed to UVR to that of control wethers (non-irradiated).
Materials and Methods
Animals. Animals were yearling crossbred wethers, weighing 40 to 51 kg. All wethers originated from a flock that was born and raised in confinement. For 2 mo the wethers were given ad libitum access to a diet that consisted of grass silage (40%), hay (40%) and corn silage (20%) before the start and during the experiment. The diet percentages are on "as fed" basis. The wethers were kept in total confinement for the entire 10 wk of the experiment. Ten wethers were used in total. They were sheared at the start of the experiment, then di-vided into two groups of five wethers each. Group 1 wethers were exposed to UVR 6 h daily from 8 to 10 wk. Ultraviolet irradiation was provided by two fluorescent sunlamps 3 situated about 1 m from the wethers' dorsal area. These sunlamps showed UVR in the range of 280 to 320 nm. Group 2 wethers were used as a control (no UVR). Blood samples were obtained daily from all wethers (0800) from the jugular vein by venipuncture for baseline data of 250HD3 concentrations twice weekly before UVR exposure.
Six weeks after the start of UVR, three wethers from each group were dosed iv, via the jugular vein, with tritium-labeled 250HD3 (1 /aCi/kg body weight) in 1 ml ethanol without carrier. Two weeks later, two more wethers from each group were injected intravenously with 1 /~Ci of [3H] 2503/kg of body weight. In assigning the 10 wethers to the treatment they were paired on an equal-weight basis.
Blood samples (10 ml) were taken from the jugular vein at frequent intervals after the morning (0830) dosing. Samples were collected in heparinized tubes, centrifuged and the plasma separated. The plasma was stored at -20 C until assayed for radioactivity and 250HD3 content. The blood sampling period was 240 h. After completion of the sampling period, the wethers were killed by intravenous injection of sodium pentobarbitol. Analysis of Radioactivity. Triplicate samples (.5 ml portions) of plasma were assayed for total radioactivity in 10 ml of a phase-combined system using Aquasol 2-scintillation fluid 6. All samples were counted in a liquid scintillation spectrometer 7 using an automatic external standard. were converted into disintegrations per minute (dpm).
Materials
Quantitation of 250HD3 in the plasma of wethers following saponification was performed by high-pressure liquid chromatography, according to Davie (1981) . The statistical mo~tel used to fit the data for each wether treatment combination was R s (t) = Ae--&t + Be--3t + e (t) (Gibaldi and Perrier 1982, Robertson, 1983) , where e(t) are the nontransformed residuals. A and B are "intercept" terms with dimensions of concentrations; c~ and /3 are hybrid rate coefficients describing the elimination from plasma. transport rate ---area
Mathematical Analysis of a Two-Compartment Model,

R~ull~ and Discussion
Blood SA from two wethers, with one from each group plotted against time are shown in figures 2 and 3. These SA values followed an exponential curve. This biphasic curve fitted a two-compartment model. The curve consisted of a rapid disappearance phase, due probably to the distribution from the central to the peripheral compartment and of a slow phase representing elimination. Hidiroglou and Knipfel (1984) reported that after administration of a single massive iv dose of 250HD3 in wethers, plasma 250HD3 concentration declined steadily during a 20-d experimental period. However, the 20-d post-injection concentration of 250HD3 was still higher than the pre-injection concentration. The present results on plasma disappearance pattern of [3HI 250HD 3 in wethers are similar to these observed in chicks that were administered iv [3H] 250HD 3 (Omdahl et al. 1977) . The data from that study on [3H] 250HD 3 plasma disappearance were fitted to a two-compartment model, and defined the liphasic curve, consisting of rapid and slow disappearance phases. The estimated coefficients A, ~, B and ~ associated with the statistical model are provided for each wether within each treatment in table 1. Shown in table 1 are associated asymptotic standard errors. By comparing the relative magnitude of the estimated coefficients and their associated standard errors, it can be seen that the experimental data fit the model quite closely. It appears from table 1 that the non-UVR-exposed wethers have the most variable coefficients. The profiles for the non-UVR-exposed wethers were much higher than for the UVR wethers. There was a large difference (P<.002) for A [non-UVR exposed, 1,436 (mean) vs UVR-exposed, 538 Cstandard error of mean.
partmental transfer rates (k12 , k2a), the elimination rate (ke) , the volume of the central compartment (Vm) and the clearance rate. The data on these estimates were analyzed by a simple analysis of variance, which is shown in table 3. There were no significant differences in kl2 and k21 (P>.05). Because ~ and /3 are both larger in the UVR than in the control wethers, the elimination rate k e (which is a composite of a and/3) was significantly higher in the UVR wethers (P<.04). The elimination rate constant in the UVR-exposed wethers was 4.6 x 10 -3 -+ .00024 (~ -+ SE) h as compared with 3.6 x 10 -3 + .00024 in the non-UVR wethers. The results also show that the exposure to UVR altered the clearance rate of 250HD3. The mean value (-+ SE) in the UVRexposed group wethers was 19.8 + .74 ml/h, and that in the control group was 12.05 +-2.16 ml/h (P<.05). The area under the plasma concentration time curve (AUC) was much larger (P<.01) in the non-UVR-exposed wethers (731,979 + 107,852) than in the UVR-exposed (195,473 -+ 9,378) . Plasma 250HD3 response to body irradiation in wethers is shown in figure 4~ Plasma 250HDa increased from an average concentration of 13 ng/ml (d 1) to 30 ng/ml plasma (d 25), then reached a steady-state level even though UVR exposure continued until d 70. From 4 to 10 wk following UVR, the mean (-+ SE) 250HDa concentration was 31.5 + 2.00 ng/ml plasma. The variation was small, indicating that during this experimental period a steady-state condition existed in 250HD3 metabolism. In the non-UVR wethers, the mean for plasma 250HDa was 13.2 + 1.02 ng/ml. The observed "plateau" in the plasma 250HD 3 after a few weeks of UV exposure suggests the existence of a small residual depot of 7-dehydroxycholesterol in wethers' skin or that this pool was slowly restored. Adams et al. (1982) observed a small increase in plasma 250HDa concentrations in human subjects exposed to UVR, which did not reflect the large observed increment in the serum vitamin D. This may be explained, according to these workers, by 1) the rapid deposition of vitamin D in the very large tissue reservoir for the compound (Mawer et al., 1972) ; 2) dilution of newly synthesized 250HD in the relatively large and stable pool for the metabolite; 3) the vitamin D-mediated changes in the rate of output of 250HDa from the liver (Fraser, 1980) . During chromatography of the labeled 250HD3, over 90% of the [all] eluted with the 250HDa peak. These results are in agreement with those reported in man by Offerman et al. (1985) and Batchelor and Compston (1983) . These workers observed that during an experimental period of 7 d, 89.5 to 93.4% of the label of iv injected [aH] 250HD 3 was represented by 250HD3.
Physiological half-life (tl/2 hours) of the [all] 250HD 3 in wethers exposed to UVR was 388 + 26.4 h (+ SE), and this was not different (P>.05) from the value of 393 + 28.6 h for the non-UVR wethers. Davie (1981) reported the elimination half-life of [3H] 250HD3 to be 310 + 87 h in humans on anticonvulsant drugs and 487 + 43.6 in non-treated subjects. Batchelor and Compston (1973) reported that in humans the mean elimination half-life is 27.5 + 2.1 d; Bec et al. (1972) and Gray et al. (1974) suggested a tl/2 from 13.3 to 23 d. The large discrepancy in the elimination half-life of [3H]250HD3 previously reported in humans may be related either to vitamin D status of the subjects studied (Mawer et al., 1972) or to the small number of normal subjects investigated. In the present experiment, the value of the Figure 4 . 25-hydroxyvitamin Da concentrations in plasma of wethers (ng/ml) exposed or not exposed to ultraviolet irradiation (UVR); means +-SE of 250HD 3 *P<.05, **P<.O1. radioactive 250HD3 half-life in wethers is in the middle of the range of 13 to 23 d previously reported in healthy humans (Gray et al. 1974 ). These results on the biological half-life of [3Hi 250HD 3 in plasma of wethers are close to these previously reported (Hidiroglou et al. 1979a,b) when the 250HD 3 tl/2 was estimated to be 3 wk following parenteral loading of wethers with a single massive dose of vitamin D 3 .
DAYS OF UMR EXPOSURE
In conclusion, it was found that a two-compartment model provided an acceptable description of 250HD 3 disposition kinetics in wethers. It seems also important that turnover rate constants do not seem to change, but that changes are due to increased pool size in the irradiated wethers.
